The pathogenesis of hidradenitis suppurativa (HS) is still elusive. A recent study of the folliculopilosebaceous unit (FPSU) in HS patients showed that the basement membrane zone (BMZ) of the sebofollicular junction was almost devoid of periodic acid-schiff (PAS) positive material, a staining method for glycoproteins. By performing PAS and immunofluorescence stainings for type XVII collagen, type VII collagen, laminin-332 and integrin α6β4 on skin biopsies from body folds of patients and controls, we aimed to identify whether these glycoproteins are differently expressed in HS. We found normal PAS staining along the sebofollicular junction in HS, and could therefore not confirm any weakening of the BMZ.
ABSTRAcT
The pathogenesis of hidradenitis suppurativa (HS) is still elusive. A recent study of the folliculopilosebaceous unit (FPSU) in HS patients showed that the basement membrane zone (BMZ) of the sebofollicular junction was almost devoid of periodic acid-schiff (PAS) positive material, a staining method for glycoproteins. By performing PAS and immunofluorescence stainings for type XVII collagen, type VII collagen, laminin-332 and integrin α6β4 on skin biopsies from body folds of patients and controls, we aimed to identify whether these glycoproteins are differently expressed in HS. We found normal PAS staining along the sebofollicular junction in HS, and could therefore not confirm any weakening of the BMZ.
Conversely, we demonstrated increased expression of integrin α6β4 lining the sebaceous glands in HS patients. The other BMZ components were normally expressed. Enhanced expression of integrin α6β4 along sebaceous glands in HS could result from alterations in the skin microbioma and enhance inflammation.
INTRoDUcTIoN
Hidradenitis suppurativa (HS) is a chronic inflammatory skin disease characterized by recurrent painful nodules, abscesses, sinus tracts and scarring. The disease is primarily located at the apocrine gland bearing skin, including the armpits and groins.
1 Quality of life in HS patients is severely affected due to the appearance of the skin, associated pain and the filthy odor that is often secreted from the inflammatory lesions. 
MATERIAL AND METHoDS

Design and setting
This study was performed at the department of Dermatology at the University Medical Center
Groningen. The local institutional review board approved the study.
Patients
Patients who were scheduled for surgical treatment of HS with the deroofing technique or the STEEP procedure 4, 5 were included after written informed consent was obtained. Healthy volunteers were considered eligible for participation when they had no skin disease at the armpits and had given written informed consent. The age of all individuals was 18 years or older.
Collection procedure
Up to 17 perilesional samples were obtained from axillary or inguinal HS skin by four mm punch biopsy, immediately frozen in liquid nitrogen, and subsequently stored at -80 degrees
Celsius. Additionally, after injection with local anaesthesia consisting of 1cc 1% lidocaine/ adrenaline (1: 200.000), four mm punch biopsies were obtained from axillary skin of eight healthy volunteers that served as controls. Skin samples lacking an associated sebaceous gland with the hair follicle were excluded.
Staining procedure
PAS staining of the skin samples was performed. Briefly, after periodic acid solution oxidation, tissue sections were immerged in Schiff's reagent and counterstained with hematoxylin.
Immunofluorescence (IF) staining for type XVII collagen, type VII collagen, laminin 332, integrin α6 and β4 was performed. The procedures for IF staining and image collection have been described in detail previously. 6 The following monoclonal antibodies were used: 
Assessments and statistical analysis
The intensity of the stainings was measured at the 6 segments of the FPSU: 1) the interfolliclar epidermis (IFE), 2) the superior segment (SS) of the hair follicle, 3) the inferior segment (IS) of the hair follicle, 4) the sebofollicular junction (SFJ) and 5) the sebaceous gland (SG). The SS was defined as the part of the hair follicle extending from the IFE to the SFJ. The IS was defined as the part extending from the SFJ to the bulb. The SFJ was defined as the transition zone from the hair follicle to the sebaceous gland. The SFJ of skin samples stained with IF was identified by the presence of fat globules characteristic of the sebaceous gland and by comparison of the skin sample with the PAS staining of that same biopsy. For each skin sample the intensity of all performed PAS and IF stainings at the aforementioned individual segments were analyzed using Image J software. Subsequently, the ratio of individual segments to the IFE was calculated for both the PAS and IF stainings, with the IFE serving as an internal control for each skin sample. The Mann-Whitney U test was performed to compare the differences in these ratios between patients and controls.
RESULTS
Skin biopsies were obtained from a total of 17 HS patients and eight controls. Biopsies of ten patients and two controls were excluded due to the lack of an associated sebaceous gland.
Eventually, biopsies of seven HS patients (two women, five men) and six controls (three women, three men) were studied.
PAS staining
As previously described by Danby et al. 3 the IFE showed a continuous and regular PAS staining pattern in all biopsies with a mean intensity of 143.8 pixels (SD 11.6) in controls and 150.0 pixels (SD 10.5) in patients. Therefore, the IFE served as a suitable internal control. There were no statistically significant differences between the ratios of the mean intensity of the PAS staining at the individual segments of the FPSU to the IFE in patients and controls (figures.
1-2).
Type VII collagen, type XVII collagen, laminin 332
For these IF stainings no statistically significant differences were found between patients and controls in the ratios of the mean staining intensity at the individual FPSU segments to the IFE.
Integrin β4 and α6
At the sebaceous gland, the mean intensity of integrin β4 declined compared to the IFE in both patients and controls (figures. 1-2). The ratio of the mean intensity of integrin β4 at the sebaceous gland to the IFE was significantly higher in patients (0.41) compared to controls (0.14) (p=0.004). This implicates that integrin β4 expression at the sebaceous gland was relatively higher in patients. IF-staining for integrin α6 also revealed a significantly (p=0.011) higher level of expression at the sebaceous gland in HS compared to controls (figures. 1-2). It is plausible that the expression patterns of integrin α6 en β4 followed the same pattern, since they are dimerized in the integrin α6β4-complex. The relative expression of integrin α6β4 was not altered at the remaining FPSU segments in HS compared to controls. There were no differences in the intensity of the PAS staining between the IFE and the SFJ/SG in both controls and patients. The ratio of the staining intensity of integrin α6 and β4 of the SG to the IFE is higher in patients than in controls. Scale bar = 20 µm. 
DIScUSSIoN
This study demonstrates that integrin α6β4 was relatively upregulated along the BMZ of the sebaceous glands in HS patients. In contrast to Danby et al, 3 reduced PAS positivity at the SFJ in HS was not observed, neither did we find any differences in PAS positivity within the remaining hair follicle segments. Therefore, we cannot confirm that BMZ fragility at the SFJ is responsible for leakage of follicular content into the surrounding dermis.
One can speculate about the cause and consequences of integrin α6β4 upregulation in HS.
Integrins are a family of heterodimeric glycosylated transmembrane receptors. They come primarily to expression in organs lined with stratified epithelium, like the skin and lungs. In human epidermis, integrin expression is restricted to the basal layer. 7 The β4 the innate immune system and inflammation. 8 The role of bacteria in the pathogenesis of HS is still elusive, as previous microbiological studies found a wide range of bacteria associated with HS. 11-13 However, new molecular techniques using a genomic approach revealed that there is greater bacterial diversity in the skin than previously assumed based on results of culturing methods. 14 Van der Zee et al, 15 hypothesized that alterations in the microbioma of HS skin stimulate keratinocytes to produce antimicrobial peptides and pro-inflammatory cytokines, resulting in the typical histological changes observed early on in the disease process.
Additionally, alterations in the microbioma could explain why HS lesions are mainly localized at the body folds, as the bacterial community is different in these moist areas compared to the relatively dry areas of the body. 14, 16 Similar to lung tissue, changes in the bacterial community are possibly responsible for the integrin α6β4 upregulation we found in HS patients and may contribute to activation of the immune system. Finally, increased expression of α6β4 may also contribute to the development of squamous cell carcinoma (SCC), a well-known complication of HS. 17, 18 In fact, mice with aberrant α6β4 expression showed a greater infiltration of immunosuppressive cells during tumor promotion, a phenomenon that may contribute to the susceptibility of SCC formation.
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In conclusion, in this study we demonstrate that integrin α6β4 is upregulated in sebaceous glands of HS patients. This upregulation could result from alterations in the skin microbioma and may contribute to the inflammatory reaction seen in HS as well as to the increased risk of SCC development in HS. Integrin α6β4 could therefore be a putative treatment target for HS in the future. Characterization of the skin microbioma in more detail could provide further insight in the role of bacteria in HS and may provide a rationale for specific antibiotic treatments.
